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SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE AND METHOD OF 

MANUFACTURING THE DEVICE 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention: 

The present invention relates to a semiconductor integrated circuit 
device having a capacitor element and a method of manufacturing the 
device. 

2. Description of the Related Art: 

10 An MIS structure composed of an upper metal electrode, a 

dielectric and a lower silicon electrode is currently adopted for a capacitor 
element of a dynamic random access memory (DRAM) merchandised as 
a product. To secure the performance of DRAM, the capacitance of the 
capacitor element is required to maintain a constant value. However, 

15 because the size of a memory cell is reduced due to the high integration 
each time the product generation alternates, the area and volume allowed 
for layout of the capacitor element are reduced, and it becomes difficult 
to secure the capacitance of the capacitor element. 

A capacitor element of DRAM has a lower electrode denoting an 

20 accumulation electrode, an upper electrode denoting a plate electrode 
and a dielectric insulating film placed between the lower electrode and 
the upper electrode. As is well known, when the thickness of the 
dielectric insulating film is decided, the capacitance of the capacitor 
element is decided according to areas of the lower electrode and the 

25 upper electrode and the dielectric constant of the dielectric insulating film. 
As a technique for securing the areas of the lower electrode and the 
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upper electrode, a method of enlarging an effective area by forming 
uneven portions on a surface of an electrode has been already used. 
Further, as a technique for improving the dielectric constant of the 
capacitor element, the configuration using a material of a high dielectric 
5 constant such as tantalum oxide or the like has been already used. 

However, even though these methods of securing the capacitance were 
adopted, because further integration is required for DRAM in recent years, 
it is becoming difficult to secure a space for forming uneven portions on 
the surface of the lower electrode. Further, in the MIS structure 

10 obtained by using silicon for the lower electrode and using tantalum oxide 
for the dielectric insulating film, a problem arises that silicon oxide having 
a low dielectric constant is inevitably formed on a boundary face between 
the silicon and tantalum oxide. Therefore, the improvement of the 
dielectric constant is gradually reaching a limit. 

15 To solve the above-described problems, an MIM structure using 

metal as a material of the lower electrode has been examined. The MIM 
structure is composed of an upper metal electrode, a dielectric and a 
lower metal electrode. In case of the MIM structure, the problem of 
limiting the dielectric constant in the MIS structure can be avoided. 

20 However, when the MIM structure is adopted, a new problem arises 

in that a leak current increases. Many metals such as titanium nitride, 
tungsten and the like already used for the semiconductor integrated 
circuit device are considerably easily oxidized. Therefore, in the 
structure using an easily-oxidized metal for the lower electrode as it is, 

25 tantalum oxide film is formed on the lower electrode, and heat treatment 
is performed for the tantalum oxide film in the oxygen atmosphere to 
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introduce oxygen into oxygen defects of the tantalum oxide film. 
However, because oxygen is consumed in the lower electrode made of 
metal, a capacitor element is formed while the oxygen defects remain in 
the tantalum oxide film regardless of the heat treatment. 
5 When oxygen defects exist in the dielectric insulating film of the 

capacitor element, even though attempts to accumulate a charge in the 
capacitor element, a leak current between the electrodes through the 
oxygen defects is increased. Therefore, the capacitor element becomes 
defective. 

10 To avoid this problem, it is effective to use a conducting material 

such as platinum, ruthenium, iridium or the like, which is comparatively 
difficult to oxidize, for the lower electrode. Further, to manufacture a 
capacitor element having a three-dimensional structure, in view of 
securing step coverage, it is required to satisfy a necessary condition that 

15 the capacitor element can be formed according to a chemical vapor 
deposition (CVD) method and another necessary condition that the 
capacitor element can be processed. To satisfy these conditions, 
ruthenium is the most preferable as a material. 

The configuration of DRAM will be now described. 

20 FIG. 1 is a sectional view showing an example of the configuration 

of DRAM. 

DRAM shown in FIG. 1 has a memory array region and a peripheral 
circuit region. Memory cells are formed in the memory array region, and 
circuits for writing and reading out information in/from the memory cells 
25 are formed in the peripheral circuit region. 

As shown in FIG. 1 , in the memory array region, first p-well layer 



3 



103 (p-type impurity diffusion layer) is formed in p-type silicon substrate 
101 (semiconductor substrate) ranging from a surface thereof to a 
position of a predetermined depth, and n-well layer 102 (n-type impurity 
diffusion layer) is formed so as to surround a side surface and a bottom 
5 surface of first p-well layer 103. In the peripheral circuit region, second 
p-well layer 104 (p-type impurity diffusion layer) is formed in p-type 
silicon substrate 101 (semiconductor substrate) ranging from the surface 
thereof to a position of another predetermined depth. N-well layer 102 
and second p-well layer 104 are insulated and separated from each other 
10 by element separation region 105. 

Next, the configuration of transistors of a memory cell will be 
described. 

In FIG. 1, transistors 106 and 107 are formed in first p-well layer 
103. Transistor 106 has both drain electrode 108 and source electrode 
15 109a formed in first p-well layer 103 and gate electrode 11 1a formed on 
first p-well layer 103 through gate insulating film 110. Transistor 107 
has drain electrode 112a, gate electrode 111b formed on gate insulating 
film 1 10 and source electrode 109a common with transistor 106. 
Transistors of a memory cell such as transistors 106 and 107 and the like 
20 are covered with first interlayer insulating film 1 13. 

Each of transistors 106 and 107 is used as a switching element for 
selecting a capacitor element, gate electrodes 111a and 111b are used 
as word lines, and a bit line is connected to source electrode 109a. 

Each transistor of the memory cell described above is an n-type 
25 metal oxide semiconductor (MOS) in which each of a drain electrode and 
a source electrode is composed of an n-type impurity diffusion layer. 
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Because transistor 106 has the same configuration as that of transistor 
107, the configuration of the memory array region will be described in 
detail below by using transistor 107 and a capacitor element connected 
with transistor 107 as an example. 
5 The configuration of a bit line connected with a transistor will be 

initially described. 

A bit line is connected with source electrode 109a through both 
polycrystalline silicon 115 packed in contact hole 114 formed in first 
interlayer insulating film 113 and a bit line contact placed on 

10 polycrystalline silicon 115. The bit line is configured by stacking up 

tungsten nitride 1 19 and tungsten 120 in that order. The bit line contact 
is configured by stacking up titanium silicide 116, titanium nitride 1 1 7 and 
tungsten 118. A side surface and an upper surface of the bit line are 
covered with second interlayer insulating film 121. 

15 Next, the configuration of a capacitor element of the memory cell 

will be described. 

A capacitor element has lower electrode 124a, upper electrode 126 
and insulating film 125 placed between lower electrode 124a and upper 
electrode 126. Lower electrode 124a is formed in a shape and has a 

20 circular bottom and a cylindrical side wall (hereinafter, called crown 
structure), and the side wall and the bottom of an opening of lower 
electrode 124a are covered with dielectric insulating film 125. Upper 
electrode 126 is formed so as to cover the entire memory array region, 
and fourth interlayer insulating film 127 is formed on upper electrode 126. 

25 Lower electrode 124a is connected with drain electrode 1 12a of 

transistor 107 through silicon plug 122 penetrating through both first 
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interlayer insulating film 113 and second interlayer insulating film 121. 
Silicon plug 122 is configured by packing silicon in a contact hole placed 
at predetermined positions of first interlayer insulating film 113 and 
second interlayer insulating film 121. A capacitor element having lower 
5 electrode 124b, dielectric insulating film 125 and upper electrode 126 is 
connected with drain electrode 108 of transistor 106. 

Next, the configuration of transistor 150 and wiring formed in the 
peripheral circuit region will be described. 

Transistor 150 has both source electrode 109b and drain electrode 
10 112b formed in second p-well layer 1 04 and gate electrode 111c formed 
on gate insulating film 110. 

Drain electrode 1 12b is connected with a first wiring layer through 
metal buried in contact hole 128 formed at a predetermined position of 
first interlayer insulating film 113. In contact hole 128, titanium silicide 
15 116, titanium nitride 1 17 and tungsten 118 are packed in that order. 

The first wiring layer has tungsten nitride 119 and tungsten 120. 
The first wiring layer is connected with a second wiring layer through 
tungsten nitride 130 and tungsten 131 packed in contact hole 129 
penetrating through second interlayer insulating film 121, third interlayer 
20 insulating film 123 and fourth interlayer insulating film 127. The second 
wiring layer connected with the first wiring layer has titanium nitride 132, 
aluminum 133 and titanium nitride 134. 

In upper electrode 126 provided in the memory array region, leader 
wiring 135, of which a portion reaches the peripheral circuit region, is 
25 arranged. Leader wiring 135 is connected with the second wiring layer 
through both titanium nitride 136 and tungsten 137 packed in a contact 
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hole arranged in a predetermined position of fourth interlayer insulating 
film 127. The second wiring layer connected with leader wiring 135 has 
titanium nitride 138, aluminum 139 and titanium nitride 140. Gate 
electrode wiring 1 1 1 d acting as a wiring is formed on element separation 
5 region 105 insulating and separating n-well layer 102 from second p-well 
layer 104. 

Here, transistor 150 is formed of an n-type MOS. However, in the 
peripheral circuit region, a p-type MOS transistor (not shown), in which 
each of a drain electrode and a source electrode is composed of a p-type 

10 impurity diffusion layer, is also arranged in an n-well layer (not shown) 
composed of an n-type impurity diffusion layer. 

In the memory array region and the peripheral circuit region, a 
interlayer insulating film, a contact and a wiring layer not shown are, if 
necessary, formed on the second wiring layer. As described above, 

15 DRAM is formed (for example, refer to Published Unexamined Japanese 
Patent Application No. 2001-94071). 

Next, a method of manufacturing capacitor elements of DRAM 
shown in FIG. 1 will be described. Each capacitor element described 
below is configured by using ruthenium for a lower electrode. 

20 FIGS. 2A to 2G are sectional views showing a process of 

manufacturing conventional capacitor elements. The detailed 
description of the process of forming the transistor is omitted. Further, 
openings of a contact hole and the like and patterns of a wiring and the 
like are formed, in case of no specific description, by using a known 

25 lithography process and a known etching process. 

As shown in FIG. 2A, first interlayer insulating film 203 is formed so 
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as to cover word lines 202 composed of a conductive film formed on 
silicon substrate 201. 

Thereafter, contact holes are formed in first interlayer insulating 
film 203, and first silicon plugs 204 are formed by packing silicon into the 
5 contact holes. Word lines 202 are gate electrodes of transistors formed 
on a gate insulating film not shown, and the contact holes are arranged at 
positions at which a source electrode and drain electrodes not shown are 
formed in silicon substrate 201. 

Then, after second interlayer insulating film 205 is deposited on 

10 first interlayer insulating film 203, an opening is formed in second 

interlayer insulating film 205 so as to expose an upper surface of one first 
silicon plug 204 connected with the source electrode, and bit line contact 
206 is formed by packing a conductive film into the opening. Thereafter, 
a bit line 207 connected with bit line contact 206 is formed. 

15 Thereafter, third interlayer insulating film 208 composed of silicon 

oxide and fourth interlayer insulating film 209 composed of silicon nitride 
are deposited in that order on second interlayer insulating film 205. 
Thereafter, openings penetrating through second interlayer insulating film 
205, third interlayer insulating film 208 and fourth interlayer insulating film 

20 209 are formed so as to expose upper surfaces of the other first silicon 
plugs 204 connected with drain electrodes, and second silicon plugs 210 
are formed by packing silicon into the openings. 

Thereafter, as shown in FIG. 2B, upper portions of second silicon 
plugs 210 are removed by etching, and recesses 21 1 are formed so as to 

25 place upper surfaces of second silicon plugs 210 at a position 

corresponding to almost half of a film thickness of fourth interlayer 
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insulating film 209. 

Then, after titanium nitride is formed on the entire surface of fourth 
interlayer insulating film 209 so as to sufficiently bury the recesses 21 1 , 
the titanium nitride placed on no recess is removed. Thereafter, barrier 
5 metal 212 is buried into each of recesses 211 (FIG. 2C). Barrier metals 
212 are arranged to prevent the reaction between silicon of second 
silicon plugs 210 and a film of ruthenium formed later. It is preferable 
that these barrier metals 212 are formed according to a CVD method 
having excellent step coverage. 

10 Then, after fifth interlayer insulating film 213 composed of silicon 

nitride and sixth interlayer insulating film 214 composed of silicon oxide 
having a film thickness of almost 1 .5 m m are deposited on the fourth 
interlayer insulating film 209, portions of fifth interlayer insulating film 213 
and sixth interlayer insulating film 214 are removed at predetermined 

15 positions by etching until upper surfaces of barrier metals 212 are 

exposed, and cylinders 215 shaped in a cylindrical hole are formed (refer 
to FIG. 2D). 

Thereafter, as shown in FIG. 2E, ruthenium having a film thickness 
of almost 5nm is deposited on the entire surface by using a sputtering 

20 method, and a film of ruthenium 216 having a film thickness of almost 
30nm is formed according to the CVD method. Ruthenium formed 
according to the sputtering method acts as seed crystal (seed layer) of 
ruthenium formed according to the CVD method. Hereinafter, ruthenium 
formed according to the sputtering method is called sputtered ruthenium, 

25 and ruthenium formed according to the CVD method is called CVD 
ruthenium. 
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A film of the CVD ruthenium is formed by arbitrarily diluting 
ethylcyclopentadienylruthenium (Ru[C2H 5 C 5 H4]2: hereinafter, abbreviated 
to Ru(EtCp) 2 ) with solvent such as tetrahydrofuran (THF) or the like 
(solvent other than THF is allowed) and reacting obtained vaporized gas 
5 with oxygen at a temperature of almost 300°C. After forming a film of 
the CVD ruthenium, the entire surface is coated with photoresist, is 
exposed to light and is developed so as to make photoresist 217 remain 
only in cylinders 215. 

Thereafter, exposed ruthenium not covered with photoresist 217 is 
10 removed by an anisotropic dry etching using oxygen gas plasma. 

Further, photoresist 217 is removed by using solution having organic acid 
such as phenolalkylbenzenesulfonic acid as a main component, and 
cylinders 215, of which inner walls are covered with ruthenium 216, are 
formed (FIG. 2F). 

15 Thereafter, as shown in FIG. 2G, sixth interlayer insulating film 214 

supporting side walls composed of ruthenium 216 is removed, and lower 
electrodes of crown structures are formed. To remove sixth interlayer 
insulating film 214, a wet etching using solution having hydrofluoric acid 
as a main component is performed. Because fifth interlayer insulating 

20 film 213 placed under sixth interlayer insulating film 214 is composed of 
silicon nitride little etched by hydrofluoric acid, the etching performed for 
sixth interlayer insulating film 214 by using hydrofluoric acid is stopped by 
fifth interlayer insulating film 213. 

In the manufacturing method described above, as shown in FIG. 

25 2G, when sixth interlayer insulating film 214 is removed by the wet 
etching, because the support for the lower electrodes composed of 
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ruthenium 216 is lost, a breakage 218 occurs. Or, a problem arises that 
at least one lower electrode collapses. Due to this problem, a capacitor 
element impossible to sufficiently accumulate charge is formed, and yield 
of DRAM is considerably lowered. Particularly, this problem frequently 
5 occurs when vibration is added during the wet etching process. Further, 
the breakage 218 or the collapse sometimes occurs due to heat treatment 
performed in a process of forming an insulating film after or the like the 
wet etching. 

To examine causes of the above described problem, a film 
10 structure of ruthenium was observed, and an observed result will be 
described. 

FIGS. 3A and 3B are modeling views showing a result of a cross 

section of a ruthenium film observed by using a transmission electron 

microscope. Particularly, FIG. 3A is a view showing a condition 
15 obtained just after forming ruthenium according to the CVD method, and 

FIG. 3B is a view showing a condition obtained after performing heat 

treatment for an observed sample. 

The observed sample is obtained by forming silicon oxide 302 on a 

surface of silicon substrate 301 , depositing ruthenium acting as seed 
20 crystal at a thickness of 5nm according to the sputtering method and 

forming a film of ruthenium 303 at a film thickness of 30nm according to 

the CVD method. 

Even though ruthenium 303 is observed as a flat film by using a 

scanning electron microscope of almost two hundred thousand 
25 magnification, when ruthenium 303 is observed by using a transmission 

electron microscope of almost four million magnifications, as shown in 
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FIG. 3A, it is realized that ruthenium 303 grows in a pole-like shape and 
do not form into a continuous film. Further, each of poles of ruthenium 
303 is not vertical, but most of them are inclined. Therefore, adjacent 
poles come in contact with each other at head top portions of the poles, 
5 and spaces exist around each pole. 

As shown in FIG. 3B, when. heat treatment is performed for 
ruthenium 303 shown in FIG. 3A, poles are moved due to the heat 
treatment, the spaces are taken into the film of ruthenium 303, and the 
spaces remain in ruthenium 303 as voids 305. 

10 Further, the film thickness of ruthenium 303 does not become 

uniform even after the heat treatment, a large number of thinned portions 
exist in the film, and deficiencies 306 having no ruthenium are generated. 
Because voids 305 and the thinned portions in the film lower the 
mechanical strength of the film, voids 305 and the thinned portions cause 

15 the lower electrodes to break or collapse. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a semiconductor 
integrated circuit device having a capacitor element, which has a lower 
20 electrode of a crown structure excellent in mechanical strength, and a 
method of manufacturing the device. 

To achieve the object, a semiconductor integrated circuit device 
according to the present invention is configured by manufacturing a 
crown structure while using a first conducting material such as titanium 
25 nitride or the like excellent in mechanical strength as a base material of a 
lower electrode of a capacitor element and by forming a film of a second 
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conducting material such as ruthenium or the like, which is comparatively 
difficult to be oxidized, on a surface of the crown structure. 

The crown structure using the first conducting material such as 
titanium nitride or the like as a base material becomes strong structurally 
5 for burdens such as vibration, heat and the like given during the 

manufacturing process, as compared with a crown structure composed of 
the second conducting material such as ruthenium or the like having low 
mechanical strength. 

Further, the base material of the lower electrode is covered with 

10 ruthenium or the like difficult to be oxidized. Therefore, when oxygen is 
introduced into a dielectric insulating film formed on the lower electrode, 
the oxidization of the base material is prevented, and oxygen is 
sufficiently supplied to oxygen defects of the dielectric insulating film. 
Accordingly, the increase of a leak current of the capacitor can be 

15 prevented. 

In a method of manufacturing a semiconductor integrated circuit 
device according to the present invention, a crown structure is 
manufactured by using a first conducting material such as titanium nitride 
or the like as a lower electrode of a capacitor element, and a second 

20 conducting material such as ruthenium or the like is deposited on a 

surface of the crown structure by using a sputtering method. Thereafter, 
the ruthenium (sputtered ruthenium) placed in a peripheral region of the 
crown structure is removed by etching, and a film of ruthenium is further 
formed on a surface of the crown structure by using a CVD method while 

25 using the sputtered ruthenium as a seed layer. 

In this method, the ruthenium placed in the peripheral region of the 
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crown structure can be removed by etching while making the ruthenium 
remain on a bottom of the crown structure. When a film of a conducting 
material such as ruthenium or the like is further formed according to the 
CVD method, a film of ruthenium having an almost uniform film thickness 
5 can be formed only on the crown structure. 

Accordingly, there is no contact region of the conducting material 
such as titanium nitride or the like used as a base material of the lower 
electrode with the dielectric insulating film formed on the lower electrode. 
Therefore, when oxygen is introduced into a dielectric insulating film 

10 formed on the lower electrode, the oxidization of the base material is 
prevented, and oxygen is sufficiently supplied to oxygen defects of the 
dielectric insulating film. Accordingly, the increase of a leak current of 
the capacitor can be prevented. 

The above and other objects, features, and advantages of the 

15 present invention will become apparent from the following description 

with reference to the accompanying drawings which illustrate examples of 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 FIG. 1 is a sectional view showing an example of the configuration 

of a DRAM; 

FIGS. 2A to 2G are sectional views showing a process of 
manufacturing conventional capacitor elements; 

FIGS. 3A and 3B are schematic diagrams showing a result of a 
25 cross section of a ruthenium film observed by using a transmission 
electron microscope; 
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FIG. 4 is a sectional view showing an example of the configuration 
of a lower electrode of a capacitor element which is provided in a 
semiconductor integrated circuit device according to the present 
invention; 

5 FIGS. 5A to 5C are sectional views showing an example of a 

process of manufacturing the lower electrode shown in FIG. 4; 

FIGS. 6A to 6C are sectional views showing a process for 
manufacturing the lower electrodes of the capacitor elements provided in 
a semiconductor integrated circuit device according to the present 
10 invention; 

FIG. 7 is a schematic diagram showing a result obtained by 
observing a cross section of titanium nitride by using a transmission 
electron microscope; 

FIG. 8 is a perspective view showing a structure of a sample of the 
15 DRAM; 

FIG. 9 is a graph showing the relation between an area of the 
opening of the crown structure and the etching rate; 

FIG. 10 is a graph showing the relation between a film forming time 
of CVD ruthenium and a film thickness of CVD ruthenium to indicate a 
20 change of the relation in dependence on a base material; and 

FIGS. 1 1 A to 1 1 Q are sectional views showing a process of 
manufacturing capacitor elements provided in the semiconductor 
integrated circuit device according to the present invention. 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

In a semiconductor integrated circuit device according to the 
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present invention, crown structures are manufactured by using a 
conducting material excellent in mechanical strength as a base material 
of lower electrodes of capacitor elements, and ruthenium is formed on 
surfaces of the crown structures. As the base material, titanium nitride 
5 can be selected from conducting materials conventionally used because 
the titanium nitride can be applied to a three-dimensional structure and 
has excellent mechanical strength. Hereinafter, the configuration of 
lower electrodes of capacitor elements using titanium nitride as a base 
material will be described. 
10 FIG. 4 is a sectional view showing an example of the configuration 

of lower electrodes of a capacitor element which is provided in a 
semiconductor integrated circuit device according to the present 
invention. 

As shown in FIG. 4, a lower electrode of this embodiment is 
15 configured by covering titanium nitride 501 of a crown structure with CVD 
ruthenium 502. Titanium nitride 501 is connected with a drain electrode 
of a transistor (not shown) through second silicon plug 509 penetrating 
through silicon oxide 506 and first silicon plug 508 penetrating through 
silicon oxide 505. 

20 When the lower electrode has the above described configuration, 

because titanium nitride 501 has excellent mechanical strength which is 
more than that of ruthenium, even though a silicon oxide supporting side 
surface of the crown structure is removed by wet etching after the crown 
structure is formed by using titanium nitride 501 , a breakage or a collapse 

25 of the crown structure can be prevented. 

Further, because second silicon plug 509 does not directly come in 
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contact with CVD ruthenium 502, titanium nitride 501 also acts as a 
barrier metal to prevent a reaction between silicon and ruthenium. 

When the lower electrode having the above-described configuration 
is formed according to a method described later, a new problem has 
5 arisen that a leak current of the capacitor element is increased. We 

examined a cause of the problem, and we realized that the problem arose 
because titanium nitride and tantalum oxide come in contact with each 
other. Hereinafter, a lower electrode forming method will be described 
which corresponds to the occurrence of the problem where a leak current 

10 of the capacitor element is increased. 

FIGS. 5A to 5C are sectional views showing an example of a 
method of forming the lower electrode shown in FIG. 4. In FIGS. 5A to 
5C, constitutional elements of the lower electrode, which are the same as 
those shown in FIG. 4, are indicated by the same reference numbers as 

15 those of FIG. 4, and detailed description of the constitutional elements is 
omitted. 

As shown in FIG. 5A, in the same manner as the method which is 
described in the prior art and in which the crown structures are formed by 
using ruthenium, titanium nitride 501 of a crown structure is formed in an 

20 opening which is formed in silicon nitride 507 placed on silicon oxide 506. 
Thereafter, as a seed crystal (seed layer) for forming ruthenium, 
sputtered ruthenium of a film thickness of 5nm is deposited, and CVD 
ruthenium of a film thickness of 20nm is formed on the sputtered 
ruthenium (refer to FIG. 5B). At this time, as shown in FIG. 5B, the CVD 

25 ruthenium is formed not only on a surface of titanium nitride 501 but also 
on an upper surface of silicon nitride 507. In the semiconductor 
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integrated circuit device, as shown in FIG. 1, lower electrodes of a 
plurality of crown structures are formed in a memory array region. 
Therefore, to insulate and separate the lower electrodes from each other, 
CVD ruthenium 502 placed on silicon nitride 507 placed between crown 
5 structures adjacent to each other is removed by the anisotropic dry 
etching (FIG. 5C). 

In the manufacturing procedure shown in FIGS 5A to 5C, because 
a film thickness of CVD ruthenium 502 formed at a head top portion of 
the crown structure is almost equal to that of the CVD ruthenium 502 
10 formed in the periphery of the crown structure (refer to FIG. 5B), when 
the CVD ruthenium 502 in the periphery of the crown structure is 
removed by the anisotropic dry etching, the CVD ruthenium 502 at the 
head top portion of the crown structure is also etched and lost (refer to 
FIG. 5C). 

15 When a dielectric insulating film composed of tantalum oxide is 

formed on the lower electrode in a following process, titanium nitride and 
tantalum oxide come in contact with each other at the head top portion of 
the crown structure, and an undesirable leak current flows through a 
contact region. 

20 In a semiconductor integrated circuit device manufacturing method 

according to the present invention, sputtered ruthenium acting as a seed 
layer is formed only on a surface of a crown structure composed of a 
conducting material excellent in mechanical strength, and then CVD 
ruthenium is grown on the seed layer. 

25 Hereinafter, a semiconductor integrated circuit device 

manufacturing method according to the present invention will be 



described by giving, as an example, a case where a lower electrode of a 
capacitor element provided in DRAM is formed. Detailed description of 
a method of forming a dielectric insulating film and a lower electrode is 
omitted. 

5 FIGS. 6A to 6C are sectional views showing a process for 

manufacturing a semiconductor integrated circuit device according to the 
present invention. 

As shown in FIG. 6A, in the present invention, in the same manner 
as the method which is described in the prior art and in which the crown 
10 structures are formed by using ruthenium, titanium nitride 601 of a crown 
structure acting as a base material of a lower electrode is formed in an 
opening which is formed in silicon nitride 607 placed on silicon oxide 606. 
Titanium nitride 601 shown in FIG. 6A is connected with a drain electrode 
of a transistor (not shown) through second silicon plug 609 penetrating 
15 through silicon oxide 606 and first silicon plug 608 penetrating through 
silicon oxide 605. 

A film structure of titanium nitride 601 will be described. 
FIG. 7 is a schematic diagram showing a result obtained by 
observing a cross section of titanium nitride by using a transmission 
20 electron microscope. FIG. 7 shows a structure obtained by forming 
silicon oxide 402 on a surface of silicon substrate 401 and forming 
titanium nitride 403 having a film thickness of 20nm on silicon oxide 402 
according to the CVD method. 

As shown in FIG. 7, titanium nitride 403 formed according to the 
25 CVD method is a continuous film, and no defect such as a void is 
observed. Therefore, when a crown structure is formed by using 



titanium nitride, even though silicon oxide supporting the crown structure 
is removed, a breakage or a collapse of the crown structure can be 
prevented. 

In the present invention, the crown structure made of titanium 
5 nitride 601 is formed, and sputtered ruthenium 602 acting as a seed layer 
of CVD ruthenium is formed. 

As shown in FIG. 6A, sputtered ruthenium 602 is formed so as to 
thicken its film thickness at a head top portion of a crown structure and 
thin its film thickness in the periphery of the crown structure. 
10 Hereinafter, the reason for the thickness and thinness of the film will be 
described by using a sample of DRAM as an example. The DRAM of 
this sample has a memory array region in which a plurality of crown 
structures are formed. 

FIG. 8 is a perspective view showing a structure of a sample of 
15 DRAM. 

DRAM shown in FIG. 8 has a memory array region having a 
plurality of crown structures, a peripheral circuit region and a dummy 
groove for separating the memory array region from the peripheral circuit 
region. 

20 A plurality of openings reaching a silicon substrate (not shown) are 

formed in a silicon oxide 701 of the memory array region, and silicon plug 
702 and titanium silicide 705 are packed into each of the openings. 
Crown structures are formed at positions at which the crown structures 
are connected with titanium silicide 705 placed on silicon oxide 701 . 

25 Further, silicon nitride 703 and silicon oxide 704 are formed in that 

order on silicon oxide 701 of the peripheral circuit region. When silicon 
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oxide 704 of the memory array region is removed, the dummy groove 
prevents silicon oxide 704 of the peripheral circuit region from being 
removed. 

When the sample shown in FIG. 8 is, for example, applied to DRAM 
5 which has high integration corresponding to a storage capacity of 
256Mbits, the height of each crown structure from silicon nitride 703 
becomes almost 1.5 ix m, and the diameter of an opening of each crown 
structure becomes almost 0.23 m m. Sputtered ruthenium is formed on 
the sample having the plurality of crown structures in conventional 
10 standard conditions 

The sputtered ruthenium formed on the sample was observed in 
detail by using a transmission electron microscope. The film thickness 
of the sputtered ruthenium is 25nm at head top portions of the crown 
structures. At bottoms of the openings of the crown structures and in 
15 crown surrounding region 707 (periphery region) of the crown structures, 
the film thickness of the sputtered ruthenium is 2nm which is less than 
10% of the film thickness at the head top portions. 

Poor step coverage in a film formed according to the sputtering 
method is conventionally known. As a result, it is ascertained that step 
20 coverage is not good when the ruthenium film is formed according to the 
sputtering method. 

Thereafter, the sputtered ruthenium of crown surrounding region 
707 is removed by the anisotropic dry etching. In this etching removal, 
because sputtered ruthenium 602 of the head top portions of the crown 
25 structures has a large film thickness as compared with the sputtered 
ruthenium of crown surrounding region 707, sputtered ruthenium 602 
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remains. Further, because sputtered ruthenium 602 formed on the head 
top portions of the crown structures acts as an etching mask, sputtered 
ruthenium 602 formed on inner walls and outer walls of the crown 
structures also remains. 
5 When the anisotropic dry etching is set to a condition in which the 

ruthenium of the bottoms of the openings of the crown structures is not 
removed, sputtered ruthenium 602 of the bottoms of the openings of the 
crown structures can remain. Hereinafter, the condition imposed on the 
anisotropic dry etching to make the ruthenium of the bottoms of the 

10 openings of the crown structures remain will be described in detail. 

As described above, to insulate and separate the lower electrodes 
from each other, it is required to remove the ruthenium of crown 
surrounding region 707 shown in FIG. 8. On the other hand, when the 
ruthenium of the bottoms of the openings of the crown structures is 

15 removed, because a dielectric insulating film formed in a following 

process and the titanium nitride come in contact with each other, a leak 
current is increased. Therefore, it is necessary to retain the ruthenium 
of the bottoms of the openings of the crown structures while removing the 
ruthenium of crown surrounding region 707. 

20 To examine an etching rate of the anisotropic etching for the 

ruthenium of the bottoms of the openings of the crown structures, a 
sample having a cylindrical hole formed in a shape corresponding to an 
inner shape of the crown structure was prepared, and we made an 
experiment on the sample. In detail, a plurality of samples respectively 

25 having holes were prepared. The depth of the hole in each sample is 
equal to that (almost 1.5/im) of the crown structure, and opening areas 
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of the holes of the samples differ from each other. After the anisotropic 
dry etching for the samples is performed, the film thickness of ruthenium 
remaining on the bottom of the opening of each sample was examined by 
using a scanning electron microscope, and an etching rate was 
5 calculated for each sample. As the etching conditions, oxygen was used 
for gas, a gas pressure was set to 1 .0 Pa, and a degree of high frequency 
power was set to 800W. 

FIG. 9 is a graph showing the relation between an area of the 
opening of the crown structure and the etching rate. 

10 As shown in FIG. 9, for example, when the opening area is 0.31 u 

m 2 (diameter of 0.63m m), the ruthenium is etched at a rate of almost 
0.08 ix m/min. When the opening area is set to 0.07 & m 2 (diameter of 
0.3 m m) while gradually decreasing the opening area, the etching rate is 
considerably decreased, and no etching is substantially performed. As 

15 described above, it is realized that the etching rate depends on the 
opening area. The reason is that no oxygen ion contributing to the 
etching is supplied to the bottom of the opening because the opening 
area is decreased. 

Here, when energy of the oxygen ions is changed by changing the 

20 etching conditions such as a gas pressure, a degree of high frequency 
power, a shape of an etching processing chamber and the like, the 
relation between the opening area and the etching rate can be changed. 

When the etching conditions are fixed, the etching rate is 
fundamentally determined by the depth and opening area of the hole. 

25 The deeper the hole is and the smaller the opening area is, the lower the 
etching rate is, and it is difficult to etch the film of the bottom of the 
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opening. 

By estimating the result shown in FIG. 9, in case of the hole depth 
of 1 .5 n m, when the diameter of the opening is lower than 0.3 n m, it is 
realized that the bottom of the opening is not substantially etched. That 
5 is, when a ratio of (depth of opening) / (diameter of opening) is set to be 
larger than 1 .5/0.3=5, the etching can be easily controlled so as not to 
etch the bottom of the opening. This condition can be also applied to 
the crown structures. 

Here, even though the ratio of (depth of opening) / (diameter of 
10 opening) is smaller than 5, by changing the etching conditions described 
above, the etching can be controlled so as not to etch the bottom of the 
opening. 

By estimating the result of the experiments, in case of a crown 
structure having a typical size (depth of 1.5 m m, opening area of 0.04 n 

15 m 2 (diameter of 0.23 u m)) so as to be applicable to DRAM having a 

storage capacity of 256Mbits, it can be ascertained that the bottom of the 
opening of the crown structure is not etched. 

On the other hand, because the size of crown surrounding region 
707 is equivalent to an opening area which is larger than 0.07 \i m 2 of the 

20 graph shown in FIG. 9, the etching for the ruthenium is not stopped. 

Accordingly, the ruthenium formed in crown surrounding region 707 can 
be removed while retaining the ruthenium of the bottoms of the openings 
of the crown structures. Here, when the ruthenium formed in crown 
surrounding region 707 is removed, the ruthenium on the head top 

25 portions of the crown structures can be also reduced. However, 

because the film thickness on the head top portions is sufficiently large 
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as compared with that of crown surrounding region 707, the ruthenium on 
the head top portions does not disappear. 

After the removal of the ruthenium, because the deposited 
sputtered ruthenium acting as a seed layer remains only on the head top 
5 portions, the side walls and the bottoms of the openings (refer to FIG. 6B) 
of the crown structure, when the insulating film such as silicon nitride 607 
or the like placed in the region other than the head top portions of the 
crown structure, the side walls of titanium nitride 601 and the bottoms of 
the openings is used, a film of CVD ruthenium 603 can be selectively 

10 formed only on titanium nitride 601 (FIG. 6C). 

Hereinafter, a method of selectively forming a film of CVD 
ruthenium will be described. 

FIG. 10 is a graph showing the relation between a film forming time 
of CVD ruthenium and a film thickness of the CVD ruthenium to indicate a 

15 change of the relation in dependence on a base material. In the graph 
shown in FIG. 10, each of sputtered ruthenium (Ru), silicon oxide (Si02), 
silicon nitride (SiN) and silicon substrate (Si) is used as a base material. 

As shown in FIG. 10, in case of the sputtered ruthenium used as a 
base material, the film growth of the CVD ruthenium is started without 

20 being substantially delayed after the supply of a source gas. On the 
other hand, in case of the silicon oxide used as a base material, the film 
growth of the CVD ruthenium is started when almost ten minutes passes 
after the supply of a source gas. In case of the silicon nitride used as a 
base material, the film growth of the CVD ruthenium is started when 

25 almost fifteen minutes passes after the supply of a source gas. In case 
of the silicon used as a base material, the film growth of the CVD 
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ruthenium is started when almost twenty minutes passes after the supply 
of a source gas. 

Accordingly, when the semiconductor integrated circuit device is 
configured by depositing sputtered ruthenium 602 on the surface of the 
5 crown structure composed of titanium nitride 601 and placing the 

insulating film such as silicon nitride 607 or the like in the other region 
(refer to FIG. 6B), a film of the CVD ruthenium is formed only on 
sputtered ruthenium 602 by estimating the graph shown in FIG. 10. In 
addition, when a supply time of the source gas is controlled not to form a 
10 film of the CVD ruthenium on the surface of the insulating film, the film of 
the CVD ruthenium can be selectively formed. 

Next, a method of manufacturing a capacitor element having lower 
electrodes will be described in detail. 

FIGS. 1 1 A to 1 1 Q are sectional views showing a process of 
15 manufacturing capacitor elements provided in the semiconductor 

integrated circuit device according to the present invention. Detailed 
description for the same processes as those in the prior art is omitted. 

As shown in FIG. 11 A, in the same manner as in the prior art, after 
word lines and bit lines are formed on a silicon substrate (not shown), 
20 silicon oxide 1001 acting as a interlayer insulating film is deposited on the 
silicon substrate. Thereafter, openings reaching the silicon substrate 
are formed in predetermined portions of silicon oxide 1001. After silicon 
plugs 1002 are packed into the openings, both silicon nitride 1003 and 
silicon oxide 1004 used for forming cylinders of capacitor elements are 
25 deposited. A film thickness of silicon nitride 1003 is 50nm, and a film 
thickness of silicon oxide 1004 is 1500nm. 
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Thereafter, as shown in FIG. 11B, photoresist 1005 having a 
pattern of openings is formed on silicon oxide 1004 so as to place the 
openings on cylinder forming portions, and portions of silicon nitride 1003 
and silicon oxide 1004 not covered with photoresist 1005 used as a mask 
5 are removed according to the anisotropic dry etching until upper surfaces 
of silicon plugs 1002 are exposed. In this anisotropic dry etching, 
dummy groove 1006 shown in FIG. 8 is also formed simultaneously (FIG. 
11C). 

Thereafter, photoresist 1005 is removed. After a predetermined 

10 washing process is performed, portions of silicon plugs 1002 placed at 

regions ranging from upper surfaces thereof to a predetermined depth are 
removed, and titanium silicide 1007 is buried in openings formed on 
remaining silicon plugs 1002 (FIG. 11D). Asa method of forming 
titanium silicide 1007, a method of performing heat treatment after 

15 burying titanium or a method of performing heat treatment while burying 
titanium is adopted. 

Thereafter, a film of titanium nitride 1008 is formed on the entire 
surface at a film thickness of 20nm according to the CVD method by 
using titanium tetrachloride (TiCI 4 ) and ammonia (NH 3 ) as a raw material 

20 gas (FIG. 1 1 E). This process of forming titanium nitride 1008 may be 

successively performed in the same apparatus as that for the formation of 
titanium silicide 1007. 

Thereafter, as shown in FIG. 1 1 F, the inside of each cylinder is 
filled with photoresist 1009 by using a known photolithography technique. 

25 Thereafter, the film of titanium nitride 1008 formed on an upper 

surface of silicon oxide 1004 is removed by using the anisotropic dry 



etching, and photoresist 1009 filled into the inside of each cylinder and 
dummy groove 1006 is removed (FIG. 11G). 

Thereafter, photoresist 1010 is formed so as to cover the 
peripheral circuit region. At this time, photoresist 1010 is formed so as 
5 to also cover a side wall of dummy groove 1006 facing on the side of the 
peripheral circuit region (FIG. 11H). 

Thereafter, silicon oxide 1004 of the memory array region is 
removed by using an etching liquid including hydrofluoric acid (HF), and 
the production of crown structures 1011 composed of titanium nitride 
10 1008 is completed (FIG. 111). 

Thereafter, photoresist 1010 is removed (FIG. 11J), and sputtered 
ruthenium 1012 is formed on the entire surface at a film thickness of 
almost 25nm according to the sputtering method (FIG. 1 1 K). At this time, 
very thin ruthenium is formed on the bottoms of the openings of crown 
15 structures 101 1 at a film thickness of almost 2nm. 

Thereafter, as shown in FIG. 1 1 L, photoresist 1013 is formed so as 
to cover the memory array region, sputtered ruthenium 1012 exposed in 
the peripheral circuit region is removed in an oxygen plasma process, 
and photoresist 1013 is removed by using an organic release liquid 
20 including phenol (FIG. 11M). 

Thereafter, on condition that sputtered ruthenium 1012 remains on 
the bottoms of the openings of crown structures 101, the anisotropic dry 
etching is performed so as to remove ruthenium of crown surrounding 
region 1014 and makes ruthenium remain on the entire surface of crown 
25 structures 101 1 including the head top portions of crown structures 101 1 
(FIG. 11N). 
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Thereafter, the washing process is performed by using the organic 
release liquid, and a film of CVD ruthenium 1015 is formed at a film 
thickness of 20nm by controlling a supply time of a source gas so as to 
make a film of ruthenium grow only on sputtered ruthenium 1012 (FIG. 
5 1 1 0). This CVD ruthenium 1015 is formed at a temperature of 300°C 
and a pressure of 400Pa while using Ru(EtCp) 2 as a raw material gas 
and using oxygen as an oxidizing agent. As a result, lower electrodes of 
the crown structures, of which surfaces are coated with CVD ruthenium 
1015 are formed while using titanium nitride 1008 as a base material. 

10 Here, as described above, CVD ruthenium 1015 is formed in a 

cylindrical shape just after the film formation and includes oxygen as 
impurities. Therefore, to flatten the film and remove the impurities, it is 
desired to perform heat treatment in the atmosphere of a reducing gas at 
a temperature of almost 600°C. Further, to heighten the continuity of the 

15 ruthenium film, a multi-stage film forming method for performing film 
formation and heat treatment a plurality of times may be used. In the 
multi-stage film forming method, for example, in case of the formation of 
a film having a thickness of 20nm, a first film having a thickness of 10nm 
is formed in a first stage, a surface of the first film is flattened by 

20 performing heat treatment, a second film having a thickness of 10nm is 
formed in a second stage, and heat treatment is performed for the second 
film. 

After completing the process shown in FIG. 1 10, a film of tantalum 
oxide 1016 acting as a dielectric insulating film is formed at a film 
25 thickness of 1 2nm according to the CVD method (FIG. 1 1 P). This 

tantalum oxide 1016 is formed at a temperature of 420°C and a pressure 
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of 60Pa while using Ta(OC2H 5 )5 as a raw material gas and using oxygen 
as an oxidizing agent. 

Thereafter, carbonaceous impurities included in tantalum oxide 
1016 are removed, and heat treatment is performed in the oxidizing 
5 atmosphere to introduce oxygen into portions of removed impurities. As 
gas used for the oxidizing atmosphere, not only gas including oxygen 
molecules or oxygen atoms such as 0 2 , N 2 0 or the like but also gas 
obtained by activating oxygen molecules or oxygen atoms to a plasma 
state or active oxygen obtained from ozone gas can be used. Tantalum 

10 oxide 1016 is formed into a continuous film by merely forming a film. 
However, tantalum oxide 1016 includes carbonaceous impurities. 
Therefore, when a capacitor element is composed of tantalum oxide 1016, 
a leak current is increased by the impurities. Accordingly, heat 
treatment in the oxidizing atmosphere is effective. 

15 Here, when the multi-stage film forming method is used for the 

formation of tantalum oxide, a film having reliability higher than that of a 
film formed by performing heat treatment for a film having a desired film 
thickness and formed at once can be obtained. For example, when a 
film of tantalum oxide having a film thickness of 12nm is formed 

20 according to the multi-stage film forming method, a first film having a 
thickness of 6nm is formed in a first stage, heat treatment is performed 
for the first film in the N 2 0 atmosphere, a second film having a thickness 
of 6nm is formed on the first film in a second stage, and heat treatment is 
performed for the second film in the N 2 0 atmosphere. As a method of 

25 heat treatment, one method can be selected from various combinations of 
conditions. For example, one heat treatment process may be set by 
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combining plasma oxidization at a temperature of 400°C and heat 
treatment in the non-oxidizing atmosphere at a temperature of 600°C, and 
this heat treatment process may be applied to the multi-stage film forming 
method. 

5 After the process shown in FIG. 1 1 P is completed, ruthenium acting 

as an upper electrode is deposited, and the ruthenium is flattened by 
performing heat treatment for the ruthenium at a temperature of almost 
400°C. Thereafter, the ruthenium is patterned so as to cover the 
memory array region by using the known photolithography technique and 

10 the etching technique, and an upper electrode (plate electrode) 1017 is 
formed at a position opposite to the lower electrodes with tantalum oxide 
1016 between upper electrode 1017 and the group of lower electrodes. 
In the same manner as the lower electrodes, this upper electrode 1017 is 
obtained by forming sputtered ruthenium for a seed layer and forming a 

15 film of CVD ruthenium. Here, upper electrode 1017 may have the 
configuration that a different conducting material such as tungsten is 
stacked on the ruthenium. Thereafter, the manufacturing of DRAM is 
completed by repeatedly performing the process of forming a interlayer 
insulating film and wiring if necessary. 

20 In the semiconductor integrated circuit device according to the 

present invention, titanium nitride excellent in mechanical strength and 
forming a dense film as compared with ruthenium is used as a base 
material of the lower electrodes. Accordingly, breakage and collapse of 
the lower electrodes caused by poor morphology of ruthenium formed 

25 according to the CVD method and the lowering of the mechanical 

strength due to the existence of voids in the film can be prevented, and 
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yield of the semiconductor integrated circuit device can be improved. 

Further, the cylindrical crown structures are composed of titanium 
nitride additionally acting as a barrier metal, the sputtered ruthenium is 
deposited so as to enlarge a film thickness of the sputtered ruthenium at 
5 the head top portions of the crown structures as compared with a film 
thickness in the peripheral region of the crown structures, the ruthenium 
placed in the peripheral region of the crown structures is removed by 
performing the anisotropic etching on condition that the ruthenium 
remains at the bottoms of the openings of the crown structures, the CVD 

10 ruthenium is grown only on the seed layer, and the lower electrodes of 
the titanium nitride are formed while covering the titanium nitride with the 
CVD ruthenium having an almost uniform film thickness. Accordingly, 
the contact of the titanium nitride with the dielectric insulating film formed 
so as to cover the lower electrodes in a flowing process can be avoided, 

15 and the increase of a leak current of the capacitor element can be 
prevented. 

In this embodiment, DRAM is described as the semiconductor 
integrated circuit device having the capacitor element. However, the 
present invention is not limited to DRAM and can be applied to any type 

20 of semiconductor integrated circuit device having a capacitor element. 

Further, in this embodiment, an example using titanium nitride as a 
base material of the lower electrodes is described. However, any type 
of material including metal can be applied as a base material of the lower 
electrodes. The lower electrodes excellent in mechanical strength can 

25 be obtained by using a metal compound including metal as a base 
material of the lower electrodes. 
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Moreover, in this embodiment, the lower electrodes formed in a 
cylindrical shape (crown structures) and sealed at bottoms thereof are 
described as an example. However, the shape of the lower electrodes is 
not limited to the cylindrical shape, and the lower electrodes may be 
5 formed in an elliptical shape or one of other shapes. 

While preferred embodiments of the present invention have been 
described using specific terms, such description is for illustrative purposes 
only, and it is to be understood that changes and variations may be made 
without departing from the spirit or scope of the following claims. 
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